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OBJECTIVE

ABSTRACT
Malaria, one of the world’s deadliest infectious diseases, is responsible for
more than 200 million infections and over a million deaths annually. The
protozoan, malaria-causing parasite Plasmodium requires two hosts: the
human and Anopheles mosquito. My research project investigates the
antioxidant defense mechanisms Plasmodium berghei utilizes to survive
within the oxidizing environment of the Anopheles mosquito, particularly
through upregulation of the inducible antioxidant defense gene 1-Cysteine
Peroxiredoxin (1-CPrx), which boosts Plasmodium’s immune response
against reactive oxygen species (ROS) in the mosquito host. We
hypothesize that the antioxidant response element (ARE) within the
inducible promoter of 1-CPrx activates 1-CPrx, and by characterizing the
ARE, we can develop an understanding of the sensory mechanisms
Plasmodium employs to sense and adapt to hostile environmental changes.

I will determine the location of the hypothesized ARE(s) in the 1-CPrx promoter by
“promoter-bashing,” a systematic truncation of the promoter to locate transcription
factor binding sites with luciferase reporter assays. By generating a series of
luciferase reporter constructs with varying promoter lengths and transfecting them
into Plasmodium with the pDLC plasmid, I will map the 1-CPrx promoter to find
the ARE location and
characterize the first
inducible promoter of
the malaria parasite
Plasmodium
(Fig. 3 and 4).

RESULTS

METHODS
BACKGROUND
To complete its life cycle, Plasmodium migrates from the intermediate
human host to the mosquito. Within the mosquito midgut, Plasmodium
faces many obstacles to survival: digestion and damage by cytotoxic
reactive oxygen species (ROS). Subject to the mosquito immune system,
Plasmodium upregulates antioxidant defense genes (Fig. 1).

Pilot data was generated for 2.4kb and 1.0kb
1-CPrx promoter fragments, both of which
contained the ARE, indicated by the generation of
comparable luciferase signals. I have created
plasmids containing 0.5kb and 1.0kb 1-CPrx
promoter fragments through cloning involving
bacterial transformation, restriction enzyme
digestion, gel electrophoresis, and subsequent
ligation of pDLC plasmid with truncated versions
of the experimental 1-CPrx promoter (Fig. 5).
In addition, transcript expression profiles were
generated for the P. berghei and P. falciparum
1-CPrx gene using RNA-Seq data obtained from
PlasmoDB, a database used to compile
Plasmodium 1-CPrx expression data.

To proceed with
transfection, I must
first generate a
sufficient amount of
ligated pDLC 0.5/1.0
and K-fragment (at
least 50 ug), and
continue practicing
handling, infecting
and exsanguinating
mice. Transcript
expression profiles for
both P. berghei and
P. falciparum
1-CPrx were
generated from data
compiled on the
PlasmoDB
bioinformatics
database to analyze
differential expression
of the selectivelyupregulated
antioxidant defense
gene 1-CPrx
throughout the life
cycle of the malaria
parasite Plasmodium
(Fig. 6 and 7).

The Kanzok lab determined one of these antioxidant genes, 1-CPrx, to be
strongly upregulated by the parasite to combat exposure to ROS in the
mosquito midgut (Fig. 2). Characterization of antioxidant defense genes,
like 1-CPrx, is of importance to us because they serve as attractive targets
for the development of transmission blocking strategies to combat malaria.

DISCUSSION
My long-term goals will encompass a) removal of the putative TF- binding site from the parasite
genome to determine whether 1-CPrx expression is negatively affected and results in increased
sensitivity to ROS in the malaria parasite, b) using the TF-binding site as bait to identify the
transcription factor that binds to the TF-binding site and regulates 1-CPrx expression, and c) using
computational methods to screen the Plasmodium genome for presence of newly identified TFbinding site(s) and transcription factors.
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